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-ding the months of lesser weight, indicated by 
the am number of days, it appeals that these two 
widely separated statmiom a pee in showing thiit the solar 

Finally, the 20 dags with solar-constant valiws nvdl- 
able for favomble comparison hetwtwn Arequip rtnd 
Mount Wilson lisve been groupecl into high vnluos ~ i i d  
low values, as indicated by Mount TVilaon work m t l  the 
resulting mean solar constants (with thcir cliffcrencos) nre 
shown in Table 4. 

TABLE 4. 

constant WRS decidedly hig a er in 1914 thnn in 1913. 

Btation. 

l- l- 
Gr.-mZ. Or.-cal. 

This tends to confiri the previously cliscovercd short- 
ular solar variations. 

sums up his results ns follows: 
Observations with the dver-disk pyrheliometer and nearly s imults  

neow meaaurements of atmospheric humidity have been made since 
August, 1912, at A q u i p a ,  Peru, at the station of the Harvard C'ollege 
O b m t o r y .  

From these observations have been determined values of the solar 
radiation at Arequipa corresponding to see. z=1.0. 2.2, and 2.0: values 
of presniue of aqueous vapor, and values of the diminution of radistion 
attending the pawage of the sun from the zenith distance whom secant 
M 1.0 to that Those secaut is 2.0. 

Owi to other occupations the obeervers have generallv mxle 
these %wvations when the Run u w  within GOo of the zenith. On 
this account determinations of atmospheric transparency are not al~.~ays 
poseible. and are of less weight .than other data gil-en. 

The resulta are collected to give monthly nieiin values. These show 
a remarkably close connection between riidint ion and vapor pressure. 
Advantage is taken of this close correlation to determine by empirical 
fmulre values of the solar constant of radiation. These enipirical 
vduw quite BB well as could be ex erted xiith values o1,tained at  
Mount ilmn, Cal.. by complete spectrotolometric and pyrhelinmetrir 
measurements combined. The Areqnupa results confirm the wri* 
bility of the sun, both from year to year and froin day to clay. sho rn by 
investigations at Mount Wilson ani1 elsenhere. 

I t  Beems probable that from ohservations similar to those a t  Arc- 
quip, if ronducted at F; or 10 favorahle stations of high level i n  various 
parta of the world, the variations of the sun coiilil IJC tlelerniin~d almort 
or quite aa certainly a8 from two stations erluippcd for complete spec-tru- 
bolometric determinations of the solar constant. 

The Arequipa results indicate that the volcanic dust which .vas gcn- 
d i n  the atmosphere in  the Northern Hemisphere for more than a year 
8ft.w the volcamc eruption of Mount Katmai, Alaska, in  June, 1912, 
did not influence the transparency of the atmosphese i n  Peru. . 

HORIZONTAL RAINBOWS ON LAKE XENDOTA. 

By CHANCEY JUDAY. 
[I.aboratory of the Wlsoonsin Geological and Natural Hislory Survey, Madison. Wie. 

Feb. 26,131ti.J 

h i n  the past decade horizontal rainbows or color 

surface of Lake Mendota at Madison, Wis. These spec- 
tral phenomena have not appeared every year during this 
period of time, but they have been noted during at least 
5 of the ast 10 years and on inore than one date in 

24, 1915, they have been confined to the autuinn of the 
year. The have varied in extent from mere bright 
s ots, in w i? ich the spectral colors were scarcely discerni- 
bye, to brilliant bows whic.h have attracted eonsiderablo 
attention. 

spectra % ave been observed a number of times on the 

each of t f e 5 years. Wit.h one exception, namely, May 
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Such phenomena have been observed on various bodies 
of water in Europe, and the fact thnt tho appear most 

ers to designate them as "Herbstiris." A4pparentl the 
first record of such a phcnoiiienon is that cited by d orel,' 
who states that Witrtniann observed two disp1a.p of iris 
011 the surface of Lake Genera, Switzerlnnd. One was 
noted on November 2, 1S6S, and the other on February 
11, 1872. Siinilar phenomena were noted on Lake Ge- 
neva by two other observers, one on July 5, 1571., and 
the other on December 2S, 1576. Wartmann attributed 
the spectra which he saw to the existence at  the surface 
of the water of a considerable quantity of powdery ma- 
terial. These sniall particles produced a aeries of de- 
pressions in the surface film which acted like ,a prism in 
dispersin\ the rays of light. Fore1 himself expresses the 
o inion t at  these spectra were produced by thin layers 

J. C. Maxwell a described a horizontal rainbow that was 
seen at  aboiit noon on January 26, 1870, on the frozen 
surface of the ditch surrounding St. John's Colle e at 
Ciinibrid e, England. He attributed the spectraf dis- 

angle between the bright red of the bow and the sun's 
ray was 41' 50' while thnt of the blue was 40' 30'. 

Hewitt states that a horizontal rainbow WAS seen on 
I d i e  Winderinere, England, by Kay in November, 1585. 
On Noveinber 6? 1903, Hewitt observed two spec.tra, one 
of which was fainter than the other, on one of the ponds 
in Vernon Park at  Stockport, Eiiglnnd. These rainbow 
colors were visible for inoro than four hours and were pro- 
duced by droplets of water which a fog de osited upon 
a film of carbonaceous dust resting upon J e  surface of 

Hann observed a rain1,ow 04 Lake Constance on Sep- 
tember 25, 1903, during a foggy morning. In describing 
the plienoiiienon he states that "es waren die Fuss unkte 
pines Regonlmgens, der a.ber nur  in dem Nebe P dunste 
ubcr rloin 8ec seiiien Urspruiig lishen konnte." 

saw a horizontal bow on 

less clav, and the phenomenon was attributed to a film 
of foa left undisturbed on the cnlin surface of the water. 

Scgaff ewe has clescribed a horizontal rainbow which he 
saw on 2% sniall pond in the vicinity of Louvain, Belgium. 
He attributed it to droplets of water about a tenth of a 
millimeter in diameter which rested u on a scum com- 

rami of an arc of an ellipse. $he angular distance of the 
priniaq bow was 40O to 43'' and, rarely, a secondary bow 
ap eared at an an le of 53'. 

the surface of Lake Zurich. Accorclin to him it was 
produced b droplets of water de osite% by mist or fog 

$ps8 has also observed this phenomenon on Lake Zu- 
rich a number of times, and he has attributed it to the 
presence at  the surface of the lake of very large numbers 
of the small crustacean Dctpbmin lon.g.ispinn. These 
daphnids come to the surface in great numbers in the 

frequently in :iutuiim hns ltd the Swiss ani T Goriiian writ- 

o P oil on the surface of the wnter. 

play to 5 rops of water on the surface of the ice: The 

the p o d .  

On April 11, 1906, Church 
Loch ~ ~ ~ ~ ~ ~ ~ ~ ~ c l ,  scotian(i. It was a perftlotly stili, 

osecl of niinute nninids aiid hits. F his bow had the 

!&liroeter has 4 c escrihecl a rainbow which he saw on 

11 on an oi Q y scum thnt covered t R e surface of the lake. 

1 Le Lfiinnnt. JI,  1'. 505,1W5 .-,, 
2 l'mc. Ilny. Soc. 1CtlitiIt..  l!ui!l-8-, i:W: Pcl. 
a Nature 1,ondon). lW1,.(19:5;. 
4 Yc+enro\oz. Ztschr.. W~en. 1m3. ~0:5"U. 
5 N,rture (London). l!Nlf;, iX:tillc;. 
6 N.&ture (London), 1306. i4:1?5. 
7 Internat. Rev. d. ges. Hydmb. & Hydrog. 
8 Revue Sulsse de Zotil., 1909,17:141. 

Ix\pera, v.  8 ,  p. 
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autumn, and the ephippia which they bear possess cross- 
hatch markings which, according to myss, act as diffrac- 
tion gratings in separating the sunlight into its primary 
colors. 

Wesenberg-Lund records having seen such a display 
on a pond after it was covered with ice. He states that 
it was produced by droplets of water resting on n.n oily 
scum covering the surface of the ice. 

J n  anese lo observers hnve seen theso horizontd spectm 

servatory and 011 Siiiobaxu pond at Tokpo niirl on the 
surface of Lake Suwa. One of them, Fuliwhnrn, has nt- 
tributed this phenomenon to droplets of wnter floating in 
the air over the surface of the lake or pond but not 
resting upon the surface of the water or the ice. 

Observntions on La&e Mendota. 

on t, E e moat surrounding the C’entrnl Mct,eoroloai~iil Ob- 

With res ect to their origin, it nia be said that the 

duced by small drops of water resting upon a scum w iich 
covered the surface of the lake, tlius preventina the con- 
lescence of the drops wit.h the water beneath. h e n  the 
sunlight strikes these droplets, the beanis of light. are 
reflected and refracted just as they are in the raindrops 
which produce tlie rc ular ramhow. Measurenients 
show that. the an ular k tances  in the horizontal bow 

bow, thus indicating that the horizontal bows are - 
duced by drops of water and not. by something wfF:h 
serves as a diffraction gratin . The dro lets borne by 

lens. 
The type of horizontal bow most €requent~ly sceii on 

Lake Mendota consists of one or two more or less brilliant 
spots of light in which the spectral colors are retidily dis- 
tmguiihable. These spots represent the segments of the 
bow. If conditions are more favoriible, the how is com- 
plete but parabolic in form instead of seniic.ircular, ns in 
the regular rainbow, with the observer nt the npcs of the 

arabola. (See fig. 1.) The outer estreniities of the 
low constitute the widest. and most brilliant parts, aiid 
from them two narrow, bright bands of light approach the 
observer. 
nizable in these bands, but sometinies yellow anJri?:!i 
readily discernible. Sometinies t,he primary bow is 
double, the inner bow only rarely being coni]i’lc.te. The 
secondary bow appears at sonie distance outside the pri- 
mary bow, with the colors in t.he reverse order, just as in 
the reuular secondary rainbow. Usually it is not8hing 
more &an a bright spot of light, but sometiines it IS 
brilliant enough to show the spectral colors distinctly. 
No band between the observer and the bright spot of the 
secondary bow has ever been noted. 

In  general these horizontd rainbows are confined to 
the early hours of the day but in a very few instances 
they have been visible as late as 3 p. ni. They have 
been seen when the observer was 10 to 12 meters above 
the surface of the lake, but no greater height than this 
has been tested so that the maximum altitude at  which 
they are visible is not known. They have dso  been seen 
when tnhe observer’s eyes were withm half a nioter of tlic 
surface of tvlie wnter; sometimes, in fact, tliey a . r ~  brighter 
when the e es are near the surface. 

During t i e month of October, 1914, horizontal bows 
were observed on Lake Mendota several times, mid on 

P horizontal R ows observed on Lake If endota were ro- 

are substantially t 5 e same as those of the regular rain- 

the scum may also be readiy f recognize B with a hmd  

Usually the spectral colors are scarce.! 

* Intemat. Rev. d. ges. Hydrob. & FIydmg biol. Sup., Erste Serie, 1910, p. 43. 
10 MONTHLY WEATHER REVIEW, 1914,43 &6. 

two dates, namely, October 6 and 33, the displays were 
unusually brilliant and complete. Observations were 
inade near the middle of the lake on these days and they 
were mnde from a ltxunch so that the eyes of the observer 
were ap irosiniately a. meter and three-quarters above 

(fig. 11, these 1iorizonta.l bows c,onsisted of three primary 
ones, Nos. 1 to 3 in figure 1, in which the colors were 
nrranged IS iii tlie primary rainbow, that is, with the 
red on the outside and the. violet 011 the inside. A sec- 
oiidary bow, No. 4 in figure 1, ap eared nt ~ ~ i i i e  distmice 
outsich1,th prinimies and in it, t- P ie colors were reversed. 

the sui 4 ace of the watcr. As shown in the diagram 

0 
FIGURE I.-Diagra!ii of horizontal rtdbow observed on Lake Mendota, Wis., 

1 2 3 indicate the three primsry bms. 
4: tie‘secondary bow. 
0. the observer at the apex of how 1. 
The hesvv lines at the outer cnds of the bows indicsto the widest portions in whkh 

the spwtral colo;s. red outside and violet imido. wero distinct. These bright portions 
w r e  in imniedinte iuutonl contsct. hat hare been sepsrstcd In tile diagram Ior the sake 
of closress. They are represented as nliout ZrXl iuetws Iron1 0.  

Octohr  .%, 1911. 

The outside inonibcr of the primary series, No. 1, was 
the iiiniii bow i d  was coniplete 011 both dates. That 
is, froni the bright portion at  the estreniities where. 
t h  s p e c t d  c.olors wore very distinct (indicated by 11, 
wider line in tlie dii1,grtiiii) :I. bright band extended to tlic 
observer on eitliar side as shown in figure 1. Just  imido 
this was bow No. 3 which was coniplete on October 
33 as shown in the diagram, but which lacked the bright 
bands npproaching the observer on 0c.tober 6. The red 
a t  the extremities of bow No. 3 was in iiniiiediatc con- 
tact with tlie violet of how No. 1, but the have been 

distinctly. The bright hands n proachiii tho observer 

niet about 30 meteis in front of thn obscrver. Bow No. 
3 wits dist,inctly stwn on both of the above dates but it 
was liniitccl to thc left, segment, no trace of it being 
visible on thc right side. It did not contain dl of the 
irimrtry colors, only red, orange and yellow being visible. 
keither did it possess a band a roaching the observer. 

contac,t with the violet of No. 3, so that the three pri- 
mary bows constituted a continuous series a t  their es- 
trenii t,ies. 

Tlie distance of the chid, or the brightest, portions of 
these bows from the observer secnied to show consider- 
nhle vnrintion. At times that of No. 1 did not appear 
t.o bo inoro than 200 meters away, then a. nin i t  would 
seein to be fully five or sis times as fnr. d e  bright por-. 
t-ion o€ bow No. 3 came about 30 to 50 meters nearer the 
observer than No. 1, while No. 2 was intermediate. The 
width of the bright extremity of bow No. 1 showed some 

seprtit,ed in the diagram in order to show t 1 e two more 

were distinctly septirated from t f lose of &. 1 and they 

In this instance also, the red o ?# 0.  3 was in immediate 
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variation, but in generd i t  was estimated at 10 to 12 
meters. Bow No. 2 was only one-half to two-thirds as 
wide and bow No. 3 only about one-third as wide as No. 1. 
The secondary bow, No. 4, had about the same width as 
No. 1. 

In’bow No. 1 the beams of sunlight entered the drop- 
lets of water directly and undeiwent reflection and re- 
fraction as in tlie regiilar rainbow, but tnlie manner in 
which bows No. 2 and No. 3 were produced is not so 
clear. A difference in the size of the drops affect,s t,he 
angular &stance of the bow, but it, sca.rce1-y seems credible 
that this factor was responsible for these supernumerary 
bows. It seem.. more robahle taliat the beains of light 
which produced them, f%st impinged upon the surfsce of 
the lake and were then reflected into the droplets. 

The horizontal rainbow which was seen on May 24, 
1915, possessed some features which deserve attention. 
As already stn.ted it is the only one that has been observed 
in any other semon of the year tlian autunm. It was 
visible from 6:45 a. m. to 8:30 a. m., and consisted of a 
single series of spectral colors. 

portion of this time. During the remainder of the time 
o d  the briglit distal portion of the scgment was visible. 

&e bright portion at tshe out,er estreinity of the bow 
increased in widt,li as the sun rose higher abore the 
horizon. At 7 2 0  a. 111. it  did not z%ppeai.r to hc inore t8han 
5 meters wide; at 7 :45 i t  wns at leiisst 10 meters wide, and 
by S:10 a. m. its widtli was estiinnted at8 30 meters; a 
launch resting in t8he rainbow and a t  light angles bo it 
served as a ood unit of measurement in making tlie last 
estimate. h u e  and violet constituted nearly half of the 
bow when it, reached its masiniuni widtli. 

Also fts the sun rose higher, the bright portion of this 
horizontal rainbow approached t,lie observer, and just 
before its disappearance, about, S:30 a. in., t,lie intervening 
distance was only 115 meters. 

In conclusion it may be sn.id t h t  the conditions which 
appear to be nccessary for the production of this phe- 
nomenon on Lake Mendota :wc a.s Follows: (a) A scuni or 
film on the surface of the water wliicli may consist of ttii 
oily soot or of plankton orgitnisms, Oenerally algw; 
(b) a fog which cleposita miiiutc drops 07 wat,er on t,his 
scum; ( c )  a perfect calm which fnc.ilitntes the formation 
of the scum and also ermits the globules of moisture to 
remain as individual goplets; (dl a bright sun. 

The right segment on1 
was noted and it was coniplete during a considerab P e 

-- 
I G i g  

b n a  
1 5 3  
0 3 2  
4 1 1  
5 1 1  
4 2 1  
0 2 5  

14 13 
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HALOS AT FORT WORTH, TEX., AND THEIR RELATION 

By HOWARD H MARTIN, Assistant Observer. 
[Dated, Weather Bureau, Fort Worth, Tes.. Feb. 23,1918.3 

TO TBE SUBSEQUENT OCCURRENCE O F  PRECIPITA- 
TION. 

The halos recorded in the following tables were 
observed at Fort Worth, Tax. (lat. 32O 43’ N.; long. 97O 
15’ W.). The record of halos has constituted a portion 
of the dail routine of a regular Weather Bureau station, 

miliarity with the practical methods of halo observation 
brought about the record of many halos prior to 1910 
with insufficient details aa to attending phenomena. 
In  practically all cases tlie actual hour of occurrence, the 
duration and the angular measurements were omitted. 
For this reason, and that tliese results may bo coni ared 
with those obtained at  York, N. Y., only those P ialos 
noted between January 1, 1910, and December 31, 1915, 

establishe B September 1, 1898. However, early uilfa- 

1:uo ........_.. 
1911 ..._...._.. 
1812 ........... 
191.7 ..._....... 
1914 ....._..._. 
191.5 ____._._._. 

Total.. ..... 
Means.. . . . ... 
S m o o t h e d  

meansL.... 

are used. It is believed that since January 1, 1910, not 
more than 5 er cent of all solar halo phenomena have 
escaped recor8. 

TABLE 1.-The number of aolar and kinm halos observed at Fort Worth, 
Tez., Jan. I, 1910, to Dee. S1, 1915, inelusive. 

7 
4 
R 
3 
2 
2 

24 

4.0 

3.3 

Scar. II 
-~ 

i d k  4: 

--- 
1 2 5  
2 5 3  
3 3 5  
2 5 1  
3 0 1  
6 2 2  

* Of this total, two are discarded in other results beoause of incomplete data. , E JanuarylDec.+2Jau.+Feb. 
4 . ., 

Table 1 includes both solar and lunar halos noted 
during this period, showing their relative monthly fre- 
quency without regard to the time of occurrence. It 
will be readily seen that this section of the country 
observes far fewer halos than either Blue Hill Ohserva 
tory, Mass., or York, N. P. The possible reason for this 
may be the fact that as Fort Worth is far south of the 
usual cyclone “lanes,” it is favored with the cirro- 
stratus advance guard from only those lows of the 
Alberta type that recurve far enough south to affect the 
weather at  this station at all, ana from the relatively 
infrequent southern Pawific type, nioving eastward from - _  - 
the aiid regions. 

Table 3 shows tlie frequency with which these halos 
were followecl by recipithioii, and the avera e length 

show even less uniformity, with regard to the seasonal 
effects than do either tshe York, N. Y., observations or 
those obtained at  Blue Hill. The normal length of time 
elapsing before preci itatioii (34.1 hours) is much in 
esress of that at Yor!, N. Y. (20.5 hours),and of that 
at  Blue Hill (15.6 hours). Halos nt, Fort Worth are by far 
most frequent in .Jaiiuary, and lcnst frequent in September. 
In fact,, during the entire record of 18 years, but two 
lidos, one solar and one lunar, have been recorded in the 
latter month. 

of time before suc B precipitation occurred. Tf e results 

TABLE 2.-Re~at&ms of ocritrrmice f l f  haks to the ~ C C U T T O ~ O C  of pre- 
cipitntion at Fort ‘llbrt?i, Tex., from Jun. 1, 1910, to Dcc. $1, 1915, 
incktsiue. 

Totalnumberconsidered.. 83 17 

fall within 18ho m...... 17 36 
Per cent followed by rah- 

Per cent followed by rsin- 
fallwithin24h ours...... 22 53 

fallwithin36hou rs...... 39 70 
Per cent followed byrain- 

Per cent followed by rain- 
fallwithin48hou rs...... 55 88 

raininBhours ___....._. 33 13 
Averageduration ......._. 1.8 1.7 

Percent Mt followed by 

Average bourofocmmnce 
(first seen).. . ________... 15.2 17.3 

Average number of hours 
between halo and pre 
cipltation.. . _. .._.._ .... a. 5 8 . 2 2 2 4  1 

16E 

as 
38 

48 

59 

32 
1.8 

14.2 


